Introduction
The literature on climate change makes it plain that much of the capital stock in the energy and transport sector needs to be replaced within three to four decades. 1 This requires a massive development and diffusion of carbon neutral technologies. To be able to facilitate such a transformation, policy makers and others need to understand the key processes in the development, diffusion and utilisation of new technologies. This appreciation is today partly lacking. This is particularly so for those informed by neoclassical economics, which is concerned with the selection of technologies "from the shelf" rather than "filling the shelf"
with new technologies. 2 The latter process is synonymous with the emergence and growth of new socio-technical systems -a messy and difficult process that is yet not fully understood.
The purpose of this paper is, therefore, to contribute to an improved understanding of the early and formative phase of new technological innovation systems (TIS) -and to identify associated policy and management challenges.
We begin, in section 2, to develop an understanding of the dynamics of TIS, both in terms of structural growth and key innovation-related processes. We label these latter processes "functions" of the innovation system and all of these are potentially linked to challenges for decision makers desiring to influence the formation of new TIS. In Section 3, we discuss at some length two of the, all in all eight, functions. These are "legitimation" (acquiring a social acceptance of new technologies) and "development of positive externalities" (that underpin complementarities of supposedly competing technologies). The focus on legitimation and external economies is chosen because of an apparent discrepancy between our empirical the innovative activities within it. In this paper, we use this more narrow system concept since we are primarily interested in the development and diffusion of new technical solutions.
The components of a technological innovation system are the actors, networks and institutions contributing to the development, diffusion and application of a particular technology. 8 In line with a number of previous authors, 9 we also include the technology as such among the components. Each TIS has a degree of uniqueness in terms of its structural components (i.e.
some components are exclusively dedicated to the TIS), but components may also be part of several systems simultaneously. 10 In emerging TIS, few specialised components can be expected to exist and the structural overlap with -and dependence on -other systems is, therefore, likely to be particularly large.
Technology includes both artefacts and knowledge. 11 Artefacts may come in the form of hardware (e.g. products, design tools and machinery) or software (e.g. procedures/processes and digital protocols). Knowledge is partly found as competence within actors, but also codified in recipes (text, drawings, etc) or embedded in artefacts. It may be of a more formal (research-based) character or of a more experienced based character. 12 Actors include firms (and other organisations) along the whole supply chain. For instance, in the case of solar cells they include manufacturing of machinery to make solar cells, cell and wafer producers, engineering firms designing and delivering whole systems, roof and façade manufacturers, electricians, architects and users. They also include universities, industry associations, bridging organisations, interest organisations such as Greenpeace, and government bodies. Although the mere existence of actors in a TIS may in some cases be of great importance for, e.g., legitimacy, 13 the core of this component is agency. 17 or paradigms 18 that structure learning processes (problem agendas, ways to do business, etc). An integral part of these frames are expectations, i.e.
beliefs about the future. 19 The formation of networks follows not automatically from the entry of various organisations into the TIS, but requires links that turn fragmented components into a system. Of particular importance here are different types of networks between actors. Learning networks link suppliers to users, related firms or competitors, or university to industry. They constitute important modes for the transfer, or sharing, of knowledge and also influence the perception of what is possible and desirable, which guides specific investment decisions. 20 Political networks are of equal importance. Policy making takes place in a context where advocacy coalitions, made up of a range of actors sharing a set of norms or beliefs, compete in influencing policy in line with those beliefs. 21 In addition to these actor networks, artefacts may be linked together in different ways. They may be hard-linked, to make up larger artefacts/product systems (e.g. components in a car), or more loosely linked, in infrastructural networks (e.g. cars and petrol stations).
When a radically new technology emerges, few of these structural components are in place.
The TIS must, thus, go through a formative phase, in which the constituent elements evolve and agglomerate through entry of firms and other organisations, formation of networks, institutional alignment and the accumulation of knowledge and physical artefacts. 22 This is a cumulative process of many small changes, 23 which can last for decades. 24 It is also a process characterised by high uncertainty in terms of technologies, markets and regulations, 25 which both investors and policy makers must handle.
Once the elements are "put in place", the TIS is in a position to shift to a growth phase. 26 As and when it does so, a chain reaction of powerful positive feedbacks may materialize, setting in motion a process of cumulative causation. 27 Indeed, virtuous circles are central to a development process -as they are formed, the evolution of the TIS becomes increasingly selfsustained. 28 Through further positive feedback processes, the TIS may eventually become mature, characterised by a stable structure (or even structural "lock-in"). 29 Such a system develops primarily through the forces of its own momentum and is quite resilient to external pushes and pulls.
To analyse this kind of dynamics we suggest that it is fruitful to distinguish a number subprocesses that are directly related to the innovation process, i.e. the development, diffusion and use of new products, processes etc., and that influence the build up of system structures.
In Table 1 , we outline eight sub-processes and label these "functions". 30 While the exact number of functions is somewhat arbitrary, we suggest that the set covers the key processes in the dynamics of any TIS. These functions have been derived from a rich and multidisciplinary theoretical base, including literature on innovation systems and evolutionary economics but also political science, sociology and population ecology. 31 Earlier versions of this framework have been applied in a number of empirical studies. 
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Materialisation
The development of (and investment in) artefacts such as products, production plants and physical infrastructure.
Influence on the direction of search The extent to which supply-side actors are induced to enter the TIS, or put more subtly, direct their search and investments towards the TIS. 33 Market formation Articulation of demand and more "hard" market development in terms of demonstration projects, "nursing markets" (or niche markets), bridging markets and, eventually, mass markets (large-scale diffusion).
Resource mobilisation
The extent to which the TIS is able to mobilize human capital, financial capital and complementary assets from other sources than suppliers and users and the character of this mobilization.
Legitimation
The socio-political process of legitimacy formation through actions by various organisations and individuals. Central features are the formation of expectations and visions as well as regulative alignment, including issues such as market regulations, tax policies or the direction of science and technology policy.
Development of positive externalities ("free utilities")
It reflects the strength of the collective dimension of the innovation and diffusion process. It also indicates the dynamics of the system since externalities magnify the strength of the other functions.
Source: Based largely on Bergek et al. 34 In our previous research, we have used these functions to analyse the performance of different TIS. 35 We have also shown how policy makers may assess the "goodness" of a specific functional pattern and use it to guide their policies. 36 In this paper, however, we focus primarily on the issue of TIS dynamics.
The strength of the functions is determined not only by the influence from structural components (endogenous dynamics) but also by exogenous factors at many levels, e.g. regime/landscape 37 or national/sectoral innovation systems. 38 This co-existence of internal and external influences was highlighted already by Myrdal, who even stated that "… the main scientific task is … to analyse the causal inter-relations within the system itself as it moves under the influence of outside pushes and pulls and the momentum of its own internal processes". 39 In an early phase of system formation, exogenous factors may dominate, 40 simply because the system components are underdeveloped. As the system grows, however, the endogenous dynamics may gain strength, involving extensive linkages between functions. Alterations in the functions impact on the structure of the system and an altered structure of the TIS will, in turn, influence the character of the functions (see Figure 1 ). As an illustrative example of coupled functional and structural development, we will describe the emerging solar cell TIS in Sweden. 41 "Legitimation" was shaped by i) lobbying from political networks in an embryonic solar cell industry ([1] in Figure 2) , ii) the climate change debate [2] and iii) experience from "sister" TIS (e.g. that in Germany) [2] . The resulting changes in the institutional framework in terms of norms and regulation [3] in turn strengthened the functions "influence on the direction of search" and "market formation" [4] , inducing a number of new firms and users to enter [5] . This strengthened the functions "entrepreneurial experimentation" and "materialisation" [6] , also made possible by the availability of imported components [7] , and led to structural change in terms of technology [8] . The existence of working and visible PV systems is likely to strengthen "legitimation" [9] .
Some of the firms recognised the need, and argued for, collective action and formed an industry organisation for that purpose. In the future, this may improve the process of legitimation further [10] (complete feed back loop), inducing a favourable regulatory framework [11] . This institutional alignment may then stimulate further "legitimation" [12] and "influence on the direction of search" [13] of yet more entrants [14] . From this framework follows that decision makers (management, policy, interest organisations) with an ambition to influence system dynamics may acquire an understanding of the micro level processes involved by capturing the strength and nature of each of the functions, how they interact with each other and influence the structural components, enlarging the TIS. They may then pinpoint any of these functions for system-building activities. To the extent that such intervention is successful, the structural elements of the TIS will alter, which then opens up for new opportunities for agency to intervene.
Legitimation and development of external economies in the formative phase
In this section, we will explore more deeply two of the functions in Table 1 , "legitimation"
and "development of positive externalities". This does not imply that we consider the other functions to be less important. Nor does it imply that other functions are not present in the descriptions, since, as pointed out above, the functions are closely linked and coupled in cause-effect chains. Rather, we "look into" the system through the two selected functions. The focus on legitimation and external economies is chosen because of a perceived discrepancy between our empirical findings and the received literature.
First, whilst a number of studies on new technologies in general -and renewable energy technologies (see also the contribution by Agterbosch and Breukers in this special issue) and transport fuels in particular -underline the centrality of the process of legitimation, 42 it is absent in much of the literature on "Policy and Innovation Systems". 43 Perhaps acquiring legitimacy is particularly problematic in the energy and transport sectors, where incumbent technologies, actors and institutions have had decades (in some cases more than a century) to secure their positions as familiar and socially accepted. Incumbents are, indeed, powerful and highly organised and protect their investments -for which they receive very large direct and indirect subsidies -against discontinuous changes. Incumbents are, thus, not only hesitant towards adopting the new technologies, 44 but may also deliberately attempt to block the development of new TIS. 45 Much of the early efforts of an emerging TIS thus have to be spent on legitimation issues.
Second, as regards the "development of positive externalities", we will take a particular angle by focussing on positive externalities that flow between different TIS. Conventional management and policy literature assumes a competitive relationship between technologies whereas our previous empirical work reveals a more complex picture including also strong complementarities. The focus on competition is prominent both in the management literature, with its focus on "competing designs" in early phases, 46 and in the policy literature, which emphasise the value of regulatory frameworks leading to competition between technologies so as to secure that the most cost efficient solution is selected. 47 Shifting attention from competition only, to include finding common grounds on the basis of which advocates of various technologies may seek to collaborate could be particularly interesting in the context of climate change, which necessitates the parallel development of many TIS centred on different carbon neutral technologies. 
'Legitimation'
Legitimacy is a matter of social acceptance and compliance with relevant institutions. It is necessary to attain legitimacy in order for resources to be mobilised, for demand to form and for actors in the new TIS to acquire political strength. 49 Thus, and as is widely acknowledged in previous research, legitimacy is a prerequisite for the formation of new industries and, we would add, new TIS.
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Legitimacy is, however, not given but rather formed through conscious actions by various organisations and individuals in a socio-political process of legitimation, which incorporates cognitive, normative as well as regulative aspects. The most commonly described strategy for industry legitimation is to conform to established institutions. 51 For example, suppliers of ethanol fuel for cars may decide to advocate an increased use of low-ethanol blends for gasoline cars, which would imply regulative legitimation in terms of following the European Commission"s fuel specifications for gasoline and normative legitimation in terms of allowing customers to remain true to their refuelling habits as well as their car preferences. However, in many cases of low-carbon innovation, existing institutions tend to block the development of new technological options. 52 The strategic option (for firms) is, then, the most difficult one: to influence the institutional framework in order to achieve institutional alignment. 53 This may involve manipulation of established institutions (in order to bring them into conformity with the emerging TIS) or the establishment of new institutions. 54 In the earliest stage of the formative phase, legitimation mainly involves getting the technology accepted as a desirable and realistic alternative to incumbent substitutes. 55 In essence, legitimation then becomes "the politics of shaping expectations and of defining desirability". 56 Before the components of the emerging TIS have been put in place, this is primarily done through "expert" legitimation built on technology assessments (TA) and "rational" arguments. As the proponents of the new TIS gain strength and political power, legitimation built on the familiarity, commitment and trust created by the accumulation of actors will increase in importance. In the following, we will discuss these two types of legitimation in more detail (for other aspects of legitimation, see the contribution by Agterbosch and Breukers in this special issue).
Early in the formative phase, when there is little experience of the technology, TA studies supply information about performance and potential. This is an "expert" legitimation based on "rational" arguments grounded in the knowledge base and problems articulated at a societal level. The role of assessment is, however, not unproblematic. It may cause genuine uncertainty for investors and policy makers and also create an opportunity for various actors (in different advocacy coalitions) to select assessment designs to legitimise or delegitimise a technology in order to serve their own "political" goals. We will discuss three sources of these problems. Third, even if there are shared performance criteria, assessments may give varying results due to methodological choices that are subtle and difficult to unmask for non-specialists. For this reason, assessments are often used in early institutional battles as a way to promote a specific technical solution. In the energy sector, this "politics of expectations and desirability" is, in particular, reflected in widely diverging statements of the potential of various renewable energy technologies. 60 In the Swedish wind power case, a potential of 20 TWh or more has been put forward by wind power proponents since the 1970s. However, a scrutiny of the major Swedish daily newspapers for articles that mention wind power reveals that more than 80 percent of these described the potential or actual wind power contribution as "small" or "smaller than some other electricity source". These negative expectations on wind power, communicated through media, have not been counteracted by policy makers in a forceful way and this lack of a national vision for wind power has clearly contributed to a low legitimacy for wind power in the eyes of important stakeholders.
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The wind power potential is mostly described in terms of a comparison with nuclear power. This is symptomatic for the decades long Swedish "nuclear power trauma", during which both wind power and biopower have been met with resistance from advocates of nuclear power.
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A particularly telling example is an editorial in the leading (emphatically pro-nuclear) daily newspaper Dagens Nyheter which claimed that:
"Firewood can"t replace nuclear power… Biofuels can give us a marginal addition, but not even with maximum production can they, with respect to power, replace more than one nuclear power reactor." (our translation) 64 whereas other studies suggest a potential that is at least 22-27 TWh, as reported by Jacobsson. 65 An interesting aspect of the process of shaping expectations is in how opportunities are framed. For instance, in a Swedish government proposition it was argued that "The Government has over a number of years supported biomass based CHP. In CHP, the biomass is used with a very high efficiency. The available heat base sets, however, an upper limit to how much power can be generated with such a high efficiency". 66 Whilst technically correct, this citation portrays a picture of a potential that is tightly constrained by the district heating system and not the more appropriate image, in our view, of a vastly underutilised potential. 67 In sum, these examples indicate not only that what is considered relevant performance criteria may differ over time and vary between groups but also that besides apparent misinformation, there are many ways to frame and define a potential. This raises the question to what extent TA processes can be designed to increase transparency and reduce risk of misinformation.
Despite efforts done in this direction, e.g. the ISO standards on Life Cycle Assessment methodology, the inherent political nature of TA and the impossibility to create universally relevant, acceptable as well as stable system boundaries and performance criteria, means that TA is probably doomed to remain a contested, although necessary, activity.
A first challenge for policy makers is, therefore, to make room for and listen to a variety of voices, arguments and interpretations. A second challenge is to develop the competence and independence to critically assess various attempts to shape expectations and normative legitimacy by developing an own vision of a new technology. A developed vision that is ambitious enough may then underpin present and future policies (i.e. the institutional framework). 68 Legitimation is, however, not only built on arguments about expected performance derived from assessments but also on the accumulation of actors in a TIS, the experience of and familiarity with a new technology as well as trust in various actors supporting it. As the German experience of wind and solar power demonstrate, institutions are shaped in a process of cumulative causation where entry of firms (and other organisations) and the formation and strengthening of advocacy coalitions are additional constituent structural parts. 69 Legitimacy of a new technology is, therefore, not only a prerequisite for the formation of a TIS but also a result of that very same process.
Clearly, changing the regulative framework constitutes a challenge not easily mastered by individual entrepreneurs in early phases of the development of a TIS. Instead, institutional entrepreneurship is expected to be pursued by coalitions of actors "running in packs", 70 in which firms are concerned not only with "…their own immediate proprietary tasks and transaction modes but also with…the overall social system" 71 . Yet, the very existence of such "packs" presupposes a prior development of the TIS. In that development, "knowledge development", although a prerequisite for system formation, can achieve little on its own. In particular, the formation of a market space that may allow for the building up of a critical mass of entrepreneurs who can form "packs" engaging in institutional entrepreneurship is of critical importance. 72 Indeed, the clearest impact of the recent and very modest market formation programme for solar cells in Sweden (a few MW) has been the entry of firms and the formation of an industry association, which will act as a key node in an emerging advocacy coalition. 73 This space does not have to be large initially. The case of Germany is revealing in this respect. The stock of wind turbines in Germany in 1989 (end of formative phase) amounted to 221 machines with a capacity of 20 MW. 74 For solar power the stock in 1998 (end of formative phase) was 54 MW. 75 Similarly, there were only about 900 flexifuel vehicles in Sweden at the end of the formative phase in 2001. 76 The market space has, however, to be large enough to sustain enough number of actors to make up a critical mass. In the Swedish wind power case, the first demonstration programme in the 1980s only allowed for two MW turbines to be built and the first commercial market consisted of isolated investments by farmers and economic associations. This was not enough to provide a market space to support early entrepreneurial initiatives. When investment subsidies were introduced in the early 1990s, the Swedish TIS was therefore weak and the market was handed over almost entirely to Danish firms. These did not have much interest in influencing the Swedish institutional framework to the benefit of further diffusion since there were other, rapidly expanding markets available (especially in Germany). Positive feed-backs failed, therefore, to materialise. This was, for instance, shown in the persistence of substantial weaknesses in municipal land-use planning and permits review processes. Due to the stunted early development of TIS structure, there was no strong advocacy coalition and, thus, no institutional entrepreneurship to speak of to handle this issue. It was left largely to policy makers to achieve institutional alignment through various top down instruments (such as the appointment of areas of national interest for wind power and guidelines for local land-use planning). At least so far, these have not been successful. 77 Actor entry is, thus, obviously central to the process of acquiring legitimacy, which is sometimes forgotten when regulative change is viewed as an exogenous process of "rational" choices based on "rational" assessments. For instance, the inclusion of politically powerful agricultural industry organisations in the ethanol TIS has been of great importance for achieving regulative change. 78 Moreover, for advocacy coalitions in the methane as well as ethanol systems, it has always been a prime target to enrol the Swedish car companies, not only to be able to materialise the technology (get vehicles) and learn from experimentation, but also and, perhaps more importantly, to make use of their political power. The launch of the Saab Biopower ethanol car in 2005, with a very visible advertising campaign, was a hallmark in the development of alternative fuels and signalled that the formative phase was definitely over.
Clearly, a bottom up evolutionary process to gain legitimacy can work if well orchestrated.
Actor entry, growth of experience and normative and regulatory change may form virtuous circles enabling an expansion from small experiments to a system ready for take off into a growth phase. A major policy issue is, therefore, to complement conventional science and technology policy measures with policies leading to the formation of early and protected market spaces. These are needed, not only to enable learning and to maintain a variety of voices and arguments, but also to enable experienced and trust based legitimacy as well as the build up of "packs" of entrepreneurs and associated advocacy coalitions.
'Development of positive external economies'
The conventional view in management is that there is a competitive relationship between firms driving different designs within an emerging TIS (e.g. thin film versus crystalline silicon solar cells). In the literature, the notion of competing design is a central one and the formative phase is seen as a struggle for the selection of a dominant one. 79 Hence, the advocates of a specific design are seen to compete for resources and markets in order to be associated with a new dominant design.
In the climate policy literature, the notion of competition is shifted to the relationship between different emerging systems (e.g. solar power versus wind power). The predominance of neoclassical economics has led to an emphasis on achieving "cost efficient" solutions which leads to the choice of policies such as tradable green certificates where different emerging TIS are pitted against each others.
A diverging view is one where each emerging TIS centred on carbon neutral technologies, may contribute to destabilise the energy "regime", 80 by increasing both its own functionality and that of related TIS. As argued above, "running in packs" is a strategy to increase functionality within a TIS. A similar notion of mutually beneficial co-evolution between several emerging TIS is based on relatedness that crosses apparent system boundaries. 81 Marshall underlined the importance of economies that are external to the firm but internal to an industry (and location). 82 Porter took that analysis a step further and incorporated also related industries into the realm in which external economies flow: "External economies … often extend to related industries within the nation." 83 Related industries are "… those in which firms can coordinate or share activities in the value chain…" 84 In terms of our framework, relatedness is present if two or more emerging TIS share structural elements:
actors and networks, technology or institutions.
Thus, we consider not only overlaps in terms knowledge spillovers, 85 but relatedness in terms of all structural components. To the extent that structural elements are shared, related TIS may mutually benefit from functions shaping these elements. The strengthening of one function in a TIS may, therefore stimulate the development of positive externalities that contribute to the build up of the structural components of another TIS.
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The socio-technical overlaps between different TIS blur the distinction between them. Indeed, the choice of system boundary in terms of level of aggregation, number and types of applications and value chains and geographical scope is somewhat arbitrary. 87 Ultimately, the choice depends on problem definition, i.e. what growth process that is to be studied.
However, this does not imply that the choice of boundary is unimportant. If we choose a narrow system boundary, such as "wheat ethanol production in Sweden" or "wind power generation in Germany" we face the risk of missing important feedback mechanisms (treated as merely exogenous influence). On the other hand, applying a wide system boundary, e.g.
including all technologies within the groups of renewable electricity production and renewable fuels respectively, or the even wider group of all renewable energy systems, important feedback mechanisms may be missed due to lack of detail. A possible solution is to apply narrower and wider system boundaries in parallel and that is exactly what we do when we point out the existence of positive externalities flowing between what we initially treated as separate TISs.
The history of alternative fuels in Sweden provides a clear example of structural overlaps and positive externalities. Even after three decades of development, variety is still increasing. In this process of generating and upholding variety, we can identify a number of instances where benefits "spilled over" from one TIS to another. Indeed, we are inclined to say that a dominant feature is that the alternatives have complemented each other in the quest for system transformation.
For example, wheat ethanol and wood ethanol share the same downstream technology (vehicles that can run on ethanol). The short term option wheat ethanol has been legitimated as a bridging technology towards wood ethanol that is considered to have larger potential.
This shared legitimacy was important to get tax exemptions, i.e. changed regulation, which generated market creation and actor entry into the wheat ethanol system. On the other, hand wood ethanol has benefited in terms of resource mobilisation (R&D investments) from the These examples may give the impression that the externalities can be predicted in a straightforward way. However, the complex pattern of interacting functions across narrowly defined TIS boundaries may create surprising results. The somewhat unique development of biogas as an alternative fuel in the transport sector in Sweden is an example of this. A "search" process in the municipality of Linköping was directed towards methane due to the expected extension of the natural gas grid and a successful experimentation with methane (natural gas) buses in Malmö in the 1980s. In the meantime, an experiment with locally available biogas (also a methane rich gas) was initiated. When the extension of the natural gas pipeline was stopped in 1991, biogas use was expanded. This expansion was made possible by two parallel developments. First, a continued development of natural gas buses in Malmö and Göteborg created "knowledge development" and "materialisation" of methane bus technology. Second, a national demonstration programme for biofuels in heavy vehicles was launched to investigate (and stimulate) ethanol use. This demonstration programme surprisingly came to supply financial resources also to biogas and enabled market formation. In turn, this helped create the actors, networks, knowledge and legitimacy needed to establish a biogas transport fuel TIS with the momentum required to generate new resources and market shares.
In attempts to realise their potential, the growth one TIS may, thus, pave the way for others.
As is clearly seen in Germany, a legislative change promoting renewable energy technology (a feed-in law in 1991) that was initially driven by largely small scale hydropower advocates came in an unpredictable way, to benefit not only wind power in a massive way, 88 but also, with additional advocacy, solar power. 89 As Negro demonstrates, it also led to strategic investments by firms to develop a turn key capability in the biogas field which made possible the realisation of market opportunities created by the very same feed-in-law. 90 The initial efforts to align institutions to the need of small scale hydro power, thus, eventually came to benefit several other emerging TIS, all sharing a cognitive relatedness only.
The opportunity to share structural elements between what is normally seen as competing technologies, and competing TIS, open us for a further development of Van de Ven"s notion of "running in packs" as described above. 91 Such packs, we would argue, may consist not only of firms sharing an interest in a specific design (e.g. CIGS solar cells) or a single TIS (solar cells) but also across a range of TIS. As underlined above, the relatedness may not be in the technical dimension at all but it may suffice to have cognitive relatedness. For instance, solar cells and biopower share nothing but the notion of "renewable". This is, however, a powerful relatedness that may be utilised to promote a vision of the future in which these two technologies jointly contribute to a plausible carbon neutral energy system (managing the politics of expectations).
Exploiting structural and functional overlaps clearly opens up for a more powerful "bottomup" process of institutional alignment and system growth than if each TIS is seen as selfcontained. This has implications for both management and policy. For managers, it becomes essential to align the interests of advocates of several "competing designs" and, in particular, to work across TIS by forming broader advocacy coalitions. Policy makers need to support such broader coalitions by selecting support schemes that do not pit various emerging TIS against each others in a misguided notion of efficiency that presupposes that the issue at stake is the selection of the most cost-efficient technology "from the shelf". Instead, they should favour regulatory frameworks that enable a number of TIS to go through a formative phase in parallel, drawing strength from structural and functional overlaps, thus "filling the shelf" with a diverse set of technologies. 
Conclusions, implications for decision makers and an idea for further research
The purpose of this paper was to go some way towards contributing to an improved understanding of the key micro level processes in the formation phase of a new technological innovation system (TIS) and to identify associated policy and management challenges.
Empirically, we have used our previous work on the development of renewable electricity technologies and transportation fuels in Sweden and Germany. We proposed an extension from a structural focus on dynamics to a combined structural-functional perspective, where a number of key processes -"functions" -driving the development, diffusion and utilisation of new technology were identified. We discussed how these functions are shaped by both endogenous and exogenous factors and how they, in turn, shape the structural evolution of the TIS.
Whereas all these functions may guide decision makers seeking to engage in system building activities, we focused our analysis on two of the functions: "legitimation" and "development of positive externalities" where the angle to the latter was overlaps between different narrowly defined TISs. For the former, we pointed to the problematic role of technology assessment studies in "the politics of expectations" and in shaping legitimacy. While necessary to reduce uncertainty, they also constitute a source of uncertainty and contain much opportunity to shape expectations in ways that are subtle and difficult to unmask. This is particularly problematic for immature technologies that face entrenched incumbents with a superior access to funding, media and politicians. Decision makers therefore need to not only preserve a variety of voices but also develop their own and independent competence to critically assess attempts to shape expectations and to form an own vision of the future of a specific technology.
The shaping of expectations is part and parcel of a bottom-up strategy of system building where "packs of entrepreneurs" and others work to improve legitimacy, influence the direction of search of other firms, shape institutions and form markets. Yet, the existence of such "packs" presupposes an initial market. It does not have to be large initially but is required for a process of cumulative causation to eventually unfold. Policy makers, therefore, have to form a regulatory framework that provides a smaller "protected space" for "packs" to emerge in, long before the technology is competitive in the market. Market formation is, thus, not only the effect of the development of new technologies but also a prerequisite for it.
To the extent that there are structural overlaps between different TISs, they may mutually benefit from functions strengthening these elements. In various ways, the achievement and growth of one TIS may pave the way for others -positive external economies may flow between different TISs. As shown in the case of biofuels in Sweden, positive interaction between TISs does not have to be in any way intended and part of strategy, but sometimes happens unexpectedly. However, exploiting overlaps opens up for a more powerful "bottomup" process of system growth than if each TIS is seen as self-contained. Managers and policy makers may enable this by going against conventional wisdom, forming broad based advocacy coalitions (management) and by fostering several TIS in parallel (policy).
The framework presented has proved its usefulness but additional work is required to develop it further. We will point to one line of direction for improvement. In section 2, we argued that structural and functional dynamics were intertwined in the formative phase. For example, the function "guide the direction of search" is closely linked to firm entry and "legitimation" often involves shaping the institutional framework. Yet, our understanding of these feed back loops needs to be developed further. This applies, in particular, to the relation between functions and the formation of various types of networks. Entry of firms and other organisations upstream is a prerequisite for but does not automatically lead to formation of learning networks or political networks. Nor does market formation downstream automatically lead to the formation of user-supplier networks in which knowledge is exchanged beyond what is covered by a transaction. Hence, a limitation of our framework is that we do not fully capture the key processes that lead to network formation. In what follows, we will point at a line of argument which may deal with this weakness.
Arguably, networks are formed as and when the actors in the system realise the potential of the collective dimension of innovation systems. This dimension, as a whole, is captured in the seventh function, "development of positive external economies". Some of these are mediated through markets (e.g. pecuniary external economies stemming from a further division of labour) whereas others are connected to the functioning of networks, and therefore, flow only in as far as firms commit resources to investing in forming and maintaining networks. Hence, in order to interact, firms and other actors need to identify themselves as part of a system, see the common problems and opportunities they face and the value of collective action. 93 This was, for example, the case in the example of the Swedish solar cell TIS, as described in section 2, where some firms saw the need for an organisation that could manage such action.
In essence, therefore, network formation reflects the consciousness and practical realisation of parts of the collective dimension of the innovation and diffusion process. Without such a consciousness, user-supplier relationships will be arms-length, university-industry relationships may not develop and political networks not formed.
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